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[Research groups are to be considered as adaptable systems to 
raise effectiveness. A theoretical approach is represented end 
empirical tested. The adaptation of the co-operation structure to 
various changing research conditions in the molecular biology was 
studied.] 
 
1. REVERSIBLE PROCESSES: Adaptations of Co-operation Structures of 
 Research Groups to the Changing Conditions of the Research Process 
     
While the analyses on co-authorship networks in the previous paper of these 
proceedings entitled 'Collaboration in science since three centuries' were primarily 
concerned with contacts that were established preferably between individuals, an 
attempt shall be made to find out how the groups behave as entities. 
     
This paper will mainly discuss the question of collaboration. While 'co-
authorship' has to be defined as collaboration 'bound together by writing', the 
definition of  'collaboration' in general was obtained through inquiries by way of 
questionnaires. The  term productivity stands here as an equivalent to the 'number of 
publications' that  
account for the quantitative aspect of performance. The qualitative aspect was 
ascertained by resorting to other indicators. 
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One of the result of studies on present-day scientists has shown that productive  
scientists reveal a more intensive co-operation and have a greater number of co-
operation partners than less productive ones (Pelz and Andrews, 1976). Thus it could 
be concluded that the efficacy of research groups might be dependent on intellectual   
interaction between their members. This kind of interaction. as assumed in a number 
of     
pertaining articles in literature, should enhance the creative potential and the 
productive capacity of group members. However, it has proved to be impossible to 
identify empirically the linear correlation between productivity and collaboration for 
groups. This means that the results obtained for individual scientists cannot be 
transferred to groups. 
     
 'Although the most productive researchers are disproportionally involved 
in joint research, the association of collaboration and productivity is 
problematic because it appears that collaboration by itself may not 
increase productivity.' (Beaver, D. deB., l9X6) 
     
Nevertheless the author assumes that there is a way to show the influence of 
collaboration on the performance of research groups. Relations between productivity 
of groups and collaboration is of a complex nature, for troth productive researchers 
and less productive ones can be members of one and the same group.  As a result, the 
differences between productive and the less productive researchers in terms of 
collaboration can be levered off within the group. Therefore, above indicated linear 
correlation between collaboration and productivity, valid for individual scientists, can 
be dispensed with. 
     
This means that there might still be another relation between collaboration and 
productivity that is independent of the first one. This second relation could likewise 
refer both to individual scientists and to groups. Below, research groups are treated 
only  in relation to the second consideration, since the first one has disappeared within 
the groups. 
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DeB. Beaver's description on structural development in a science community 
in history may provide an impetus for the solution of the problem. Should a linear 
correlation actually exist - as indicated above by several researchers - between 
collaboration and  productivity, it would then be implausible why scientists resorted 
to less collaboration in the past; there is no doubt that scientists at that time had no 
less interest in high performances than today's ones. The development of structure 
alone serves already as evidence of the fact that the assumption 'Little collaboration 
entails lower productivity and much collaboration results in higher one' cannot be 
maintained. If it is thus not  possible to find a linear relationship between 
collaboration and group performance in  itself, it should be tried to study a different 
kind of correlation: 
     
The enormous changes underlying the conditions of research are the reason 
for the growth in collaboration in history, namely the growing number of 
research facilities, laboratories (professionalization). In the light of the 
extent of  collaboration, scientists have adapted themselves to the changing 
conditions in the course of time. Obviously, there is an optimum amount for 
collaboration existing in relation to the then-prevailing conditions in order to 
achieve a high scientific performance. But today, with reference to the 
scientists' community in its entirety, an optimum amount is achievable only 
with a higher degree of collaboration that it has been possible in the past. 
     
    If we today select smaller bodies (e.g. research groups) from this entirety 
we could, in line with the cycle of the problem solving process of each 
research group, encounter different conditions marked by a suitable extent 
of co-operation. 
     
Above considerations have resulted in the following theoretical approach: 
     
 
 
 
 
    Assumptions: 
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1. There is a non-linear relationship existing between collaboration and performance 
under a specific condition c1. This collaboration reaches an optimum value (op1) 
for its performance, cf. Fig. 1. 
     
 
 
 
 
 
 
 
 
 
 
 
 
 
    Fig. 1: Non-linear relationship between performance and collaboration 
     (Kretschmer 1987, p.356) 
     
2.  Upon change of the condition c1 into the condition c2 the value (op1) for the 
optimum amount of collaboration changes simultaneously into the value op2, cf.  
Fig. 2 
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    Fig. 2: Change of the values for optimum collaboration upon change of conditions 
 (Kretschmer 1987, p.356). Note: broken curve - research groups with 
condition c1 full curve - groups with condition C2 
     
    Conclusions: 
3. follows from 1. And 2.: 
In order to maintain the level of productivity it is necessary to adapt collaboration 
to the changed conditions. 
Extension of 3: 
4.  Adaptation means that the research groups change their collaboration 
simultaneously  with the changing conditions and this change is effected along the 
new value for the optimum amount. 
 
5.  follows from 4.: 
Hence, a correlation exists between collaboration and condition. Adaptation is the  
reason for this correlation. 
     
6.   follows from 4.: 
During a random sample test under the same condition ck for all research 
groups collaboration corresponds on an average to the optimal value due to 
adaptability, i.e.   the average value, or synonymous with median m,, as a 
statistical value, is assigned to the optimal value opk. Since the groups are 
different from each other in terms of their adaptability there will be worse-
adapted groups who collaborate more or less optimally than it would be  
 
 
expected. This means that if the value of collaboration of a research group 
deviates from the medial value there is also a deviation from the optimum 
value and, in consequence, also a deterioration of performance, cf. Fig. 3.  Fig. 
3 shows both the performance curve (broken line) of the random sample test 
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under condition c1 as well as the performance curve (full line) of the random 
sample test under condition c2. 
     
     
     
     
 
 
 
Fig. 3: Dependence of performance of research groups upon the deviation of their 
collaboration from the medial value of their corresponding sample test (Kretschmer 
1987, p.358) 
 It is inferred from the theoretical approach (assumption 2 and conclusion 3-5) 
that upon existence of a relationship between collaboration and research conditions in 
a    population the total random sample should be subdivided into two partial random    
samples (or more) under somewhat equal conditions for all groups per each partial    
random sampling with a view to establishing a correlation later between collaboration    
and performance. If, however, the reason for this relationship should be accountable    
for the adaptation of collaboration to the diversified research conditions it can he    
assumed that in groups with increasing deviation of collaboration from the medial 
value (equal to optimal co-operation) performance will be on the decrease, cf. 
assumption 6. 
 
On the basis of the theory and methodology suggested here it was possible 
during a study of 56 research groups, with altogether some 450 scientists employed in 
four bio-science institutions, to prove conclusively 13 adaptations of collaboration to 
different    research  conditions,  cf.   two  examples, Fig. 4 and 5. The degree of  
 
 
collaboration was  measured by applying above-mentioned complex structure 
measure for social groups (see appendix), i.e. it was possible to reveal adaptations of 
different independent structural components as well as the complex structure measure. 
The yardstick used  was 'Output per scientist', i.e. the number of publications per 
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group member within five years. But on the other hand there were also positive results 
obtained in the study  by using a qualitative performance measure . 
     
(Six scientists of the Institute of Theory, History and Organization of Science 
of the former GDR Academy of Sciences (ITW) were involved in the above-
indicated study, each of them with a different approach:. Parthey, Geissler, 
Kretschmer,    Luedtke, Tripoczky and Wahl) 
     
     
     
     
 
 
 
 
 
 
 
 
 
 
Fig. 4: Adaptation of the complex structure (complex structure measure S3) to the    
group size that is subject to changes during the process of problem solving    
Kretschmer 1987, p.365) Note: Broken line- groups with 3-5 or more than 12    
members, full line-groups with 6-12 members 
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Fig. 5: Adaptation of the number of collaboration partners (structural component B2 
to the uncertainty of the research process (Kretschmer 1987, p. 365). Note:  Full 
lline- groups with high degree of uncertainty, broken line-groups with low degree of 
uncertainty (indeterminateness of the research process: according to Luedtke in 
Geissler:1984) 
     
Because of the small size of random sampling (56 research groups) the studies    
presented here shall be considered only a pilot study which, however, should be    
continued in future both on the basis of equal and new hypotheses developed from    
theory. The theory could also be transferred to groups outside the conventional    
range of research. 
     
2.  APPENDIX: A COMPLEX STRUCTURE MEASURE FOR SOCIAL 
 GROUPS 
     
 Over the last few years the share of natural-science publications written in co-
authorship has undergone an exponential  growth.  While around 1800 only some 2% 
were co-authorship publications, this figure rose to about  7% in a 1990 and to 60-
70%  already by the  middle of this centure.  This developmental process is  worthy of 
closer  consideration in an attempt to identify  regularise  suitable to  provide the basis  
for achieving  an optional organization of scholarly  work in scientific 
communication. 
 
 Let us consider the lists of publications of two scientists, A and B (ef.Fig.6).  
The total number of publications TA of scientist A is equal to the total number of 
publications TB of scientist B.  But the number of publications of  publications  
written by scientist A which were written in coauthroship (ef. Publications 3-8) 
amounted to MA=6 and the number of publications written   by scientist B in 
coauthorship  was MB = 6.  Thus the percentage of publications written in 
coauthroship was equal for both authors : 
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 MA/TA• 100% = MB/TB• 100% = 6/8•100% 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.6 : Publication List of two Scientists A and B 
 
 Above-referred measure has been applied to above-described science-history 
study, yet it has come up with an important finding pointing to a line of studythat 
should be duly considered in future science research.  As an example, however, both 
list of publications of scientists A and B have provably shown that this measure alone 
is still inadequate to provide a comprehensive picture  on scientists’ collaboration.  
Given that there is  same percentage of coauthorship publications, author A has 
different collaborators, whereas author B has  six different collaborators, i.e. when 
measuring   the degree of collaboration there are indicators that may vary 
independently of each other.  On the one hand, such independent  indicators can be 
separately used in studies, but on the other hand, it is also possible to refer to them in 
context in order to make an all-out description of collaboration. 
 
 In this sense a systemation search  should be made for further independently 
varying indicators of collaboration and for a methodology the epitomizes these 
indicators adequately with a view to providing a total description of Fig.7 shows the 
publication list of the authors A and C : 
 -  the percentage of coauthroship works is equal. 
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     MA/TA• 100% = Mc/Tc• 100% = 6/8•100% 
 -  the number of the different collaborators  is equal for both authors., i.e. four 
     collaborators per author.   
-  however, apart from drawing on the percentage of coauthorship papers, it is 
also possible to make by analogy to the number of different  collaborators  a 
direct use of the number of coauthroship works, i.e. MA and Mc.   
 There is a fourth indicator that varies independently of the above mentioned  
three indictors.  It is the relationship between the number of collaborators who come 
from the same institutionalized research group as the author and of the number of 
collaborators who are outside this research group (e.g. a collaborator from abroad).  
Author A has two collaborators  within his own research group and two collaborators 
who stand outside, i.e.2/2=1.  By contrast, author C has one collaborator from his own  
research group and three from outside, i.e. 1/3=0.67. 
 
 In the past the methodology was demonstrated how it is possible to find 
indicators of collaboration   that vary  independently of each other by referring  to 
individual scientists.  But the subject-matter of this paper is the measurement the 
collaboration structure in groups.  For this reason the approach is to outline the 
specifics of the corresponding indicators.  For better understanding it seems to be 
appropriate to explain the structure measure by referring to a concrete example.  
Then, the complex structure measures shall  be presented in its general form. 
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Fig.7 :  Publications list of Scientists A and C 
 
 
Assuming there is a group of six scientists A,B,C,D,E,F, and the list  of their 
publications.  A matrix shall contain the relations between these scientists by co-
authorships.  Since in this example (ef. Fig.8) the name ordering in the by-line of 
scientific papers should be irrelevant, it is intended to consider the relations from the 
point of view of each collaborator, i.e. if the authors A and B have jointly published a 
paper, two relations will appear in the matrix , namely one from A in the direction to 
B and one from B in the direction to A.  Thus, a symmetrical matrix is obtained. 
 
But it should be expressly noted that both the symmetrical matrix and the 
publication that show only two collaborators are only the characteristics of this 
particular example.  The structure measure can also be applied to non-symmetrical 
matrices.  A publication can also include an arbitrary number of co-authors.  
 
The matrix is built up in a way hat the collaboration from whom the relations 
emit (transmitter) are included in the rows and that the authors to whom the relations 
lead are included in the columns (recipients).  As for the example of Fig. 8. the first  
publication includes two collaborators.  One relation goes from co-author A to co-
author B (e.f. the stoke in the corresponding field of matrix) and one relation goes 
from co-author B to A (ef. Stroke in the matrix).  In publication 2 there is also  one 
relation going from A to B, and one from B to A, etc.  Foig.9 shows the upper matrix 
containing  the relations from the matrix of Fig.8.  In each cell of the matrix the 
number of relations B1 is included that exists between the two corresponding 
scientists.  In the following the number of relations B1 shall be called the extent of 
collaboration or the number of coauthorship scientists.  In the example, for reasons of 
simplicity, the indices (e.g. ij) were dispensed with. 
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Fig.9 Symmetrical matrices 
 
In every row of the matrix there are three indicators that encompass all the relations 
emanating from one scientist to all the other scientists in the group : 
 
 -  B1 is the sum of coauthorships which are directed from one of the scientists 
to all the other scientists of the group.  In the example author A has the following sum 
of coauthorships with all the other scientists in the group B’1A = 2+2=4.  For C is 
valid: B’1C=1+1=2. 
 
 -  B2 is the number of collaborators of a scientist.  For instance, A has two 
collaborators and E has one  collaborator. 
 
 Let us consider the relations that lead from the scientists B and C to the other 
scientists.  The sum of coauthorship is equal for both scientists : B’1B=B’1C=2.  
Independently from it, the number of collaborators can vary.  While B has one 
collaborator, i.e. B2B=1, has two collaborators, B2C=2. 
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 The measure of relations in terms of the sum of coauthorships is equal for B 
and C.  But the measure of relations in terms of the number of collaborators is higher 
for C than B.  In conclusion, the total measure of relations should be higher with C 
than with B.  The relationships of the scientists D and E reveal the very opposite, 
since here the number of collaborators is equal, whereas the sum of coauthorships is 
different.  The totality of relations of a scientist with all the other scientists is 
characterized by the following two indicators, namely by the sum of coauthorhsip and 
by the number of collaborators.  If one of the indicators assumes a higher value, and 
given the constant values of all the other indicators, then the totality of relations of a 
scientist  with all the other scientists is to assume a higher  value.  If one indicators is 
described as a variable then the following is valid as the General Stipulation for the 
Complex Structure Measure : 
 If two variable can vary independently of each other, the following condition 
has to be fulfilled: if one variable remains constant and the other variable assumes a 
higher value, then the total measure of relations must assume a higher value.  This 
requirement will be met by the geometric mean. 
 
 S1=(B’1=B2)1/2 
with    S1 - total measure of  relations 
 B’1 - variable 
 B1 - variable 
 
 The totality of relations of a scientists directed to all the other scientists of the 
group is the geometric mean obtained from the sum of coauthorships and the number 
of collaborators. 
 
 In calculating the relations in a matrix the starting point was the number of 
coauthorships between always two collaborators.  In order to determine the totality of 
relations between two collaborators, there was only this one variable (B1) available, 
i.e. in this case the totality of relations (S1) was equal to the number of coauthorships.  
This fact  can also be expressed by way of the  geometric  mean : 
  
 S1=(B1 )1/1=B1 
with     S1 - total measure of  relations 
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 B1 - variable 
 After having measured the  relations between each two scientist and the 
relations of each one scientist with all the other scientists in the group, the relations 
inside the entire group are to be measured.  The sum of the coauthroships of all 
scientists (B’’1) is the sum of all the sums of coauthroships of each individual scientist 
(e.f. sum of column : B’’1=B’1A+B’1B+B’1C+B’1D+B’1E+B’1F =4+2+2+2+1+1=2) 
B’’1 is the variable. 
 
 The sum of co-authors of all scientist (B’2) is the sum of the respective number 
of collaborators of each individual scientist (e.f. sum of column : 
B’2 = B2A+ B2B+ B2C+ B2D+ B2E+ B2F =2+1+2+1+1+1=8). 
B’2 is variable. 
 
 In the lower matrix of Fig.9 both the just-indicated variables have the same 
value as in the upper matrix.  However, the relations in the upper matrix have 
emanated from all the scientists of the group, whereas in the lower matrix this is not 
the case.  The number of scientists from whom the relations emanate, i.e. the third 
variable, can vary independently of the two others this means that the general 
stipulation valid for two variables can now be extended to three variables.  Yet, 
another problem has to be solved prior to making this step. 
 As to the upper matrix it was possible to determine the number of 
collaborators of a scientist because in each case it was possible to summarize equally 
weighted elements.  (A maintains two relations in direction to B and two relations in 
direction to D, so that A has two coauthors.  B maintains one relation in direction to E 
as well one  relation to F, so that B has two coauthors.) 
 
 Conversely, if in this example it should be intended to determine the number 
of those scientists from whom relations have emanated, only unequally weighted 
values will be available  (ef. S2A=2.83, S2B=1.41, etc.)  Of course, upon counting the 
number of collaborators it would have already been possible to provide for the 
availability of unequal relations between  two scientists.  Such a case shall be the 
starting point in explaining the “Counting of unequally weighted elements”. 
 
Counting of Unequally Weighted Elements 
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 Fig.10 provides the basis for our first consideration.  The number of 
collaborators of  A is clearly 1 and the number of collaborators of D is also clearly 1.  
However, if you ask B for the number of his collaborators, he will possibly give the 
answer “one” since the totality of relations between him and the collaborators E, i.e. 
S1BE =1, in relation to the totality of relations between him and collaborator F, 
S1BF=99, is so small that this fact could be neglected.  By contrast, C might say that 
the number of his collaborators is 2 because the S1 ….. are almost equally distributed.  
 
ij E F B1 B2 2K(Kf
) 
A 
B 
 
1 
100 
99 
100 
100 
1 
.1≠1 
1 
1.06 
C 
D 
49 
50 
51 
50 
100 
100 
<2≠2 
2 
1.99 
2 
 
Fig. 10 Transformed  Entropy, Part-1 
 
 
Conclusions : 
 
 The idea is to search for a function that upon an equal distribution of weights 
on the elements to be counted is equal to the number of elements.  The greater the 
deviation is from this equal distribution, the smaller shall be the value of the function. 
 
 In the example the elements to be counted wer the collaborators and the 
weights were the totality of relations existing between the corresponding scientists 
and each of these collaborators. 
 
 According to the definition for the sought-after function the “number” of the 
collaborators of C is to be smaller than 2 but almost 2.  The “number” of collaborators 
of B is to be greater than 1, but almost 1.   A function that meets those requirements is 
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the transformed entropy 2E.  The results are shown in Fig.10.  The formula is shown 
in Fig.11. 
 
 There is a series of number K1(f=1, 2, ….n), Kf0 
 h
k
k
f
f
f
f
n=
=
∑
1
 
 
   H = - Σ hf • lg2hf 
 
 Entropy  
 
 Counting of objects with different weights : 
 2H(Kf) 
 
 
 
 
ij G H I B1 H B2 
A 6   6 0 1 
B 5 1  6 0.65 1.57 
C 4 2  6 0.92 1.89 
D 3 3  6 1 2 
E 3 2 1 6 1.46 2.75 
F 2 2 2 6 1.58 3 
 
B2=2H(Kf) 
 
ij G H I B1  B2 
K    0  0 
 
  If K thenf
H Kf
f
= =
=
∑ 0 2
1
2
( ) 0
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Fig. 11 Transformed Entropy, Part II 
 
 
Let us return to Fig.9.  Variable B’’1 and variable B’2 were described as being 
basically required for calculating the totality of relations in the group a third variable 
can vary independently  of it.  It is the number of scientists from whom relations 
cmanate : B3. 
 
 When calculating the number of collaborators of  a scientist the idea to use the 
values of S1…. As the starting point.  On calculating the number of scientists from 
whom relations emanate it is, by analogy, required to proceed from the totality of 
relations of each of these scientist, namely from the set  of S2…. . 
 
 
 Is S2f=Kf it is possible to calculate B3 as he transformed entropy with the 
formula of Fig.11.  The results obtained for both the matrices of Fig.9 are shown in 
Fig.12). 
 
In order to calculate the totality of relations within a group a generalization of the 
general stipulation for the complex structure measure from two to three variables runs 
as follows: 
 
 If three variables can vary independently of each other the following 
requirement has to be fulfilled : If two variables remain constant and the third  
variable assumes higher values, than the total measure of relations will have to 
assume higher values.  This condition is fulfilled by the geometric mean : 
 
 S3=(B’’1+B’2=B3)1/3 
  
 S1=B1 number within one cell S1=(B1)1 
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Fig.12 Symmetrical Matrices 
 
 The approach taken so far in the example to measuring the relations can thus  
be continued for groups with subgroups and for  calculating the relations between 
groups; by analogy this arises to the formation of S1, S3, etc.    After the introduction 
into the theory of the complex structure measure based on an example the general 
representation follows. 
 
 The basic requirement for using the general formulate of the complex structure 
measure is to have a hierarchical  tree derived from a matrix of relations. 
 
 
DERIVATION OF A HIRARCHICAL TREE FROM A MATRIX OF RELATIONS 
 
Given 
 
 -  an arbitrary number of elements 
 -  a matrix of relations between these elements, ef. Fig.13 
 
 GENERALIZATION 
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                                      Given : Matrix of relations  
ij A B C D E F 
A  2  2   
B 2      
C     1 1 
D 2      
E   1    
F   1    
     Derivation : Hierarchical tree 
 
• • • • • • • • • • Level 10 (No grouping) 
 
 
 
 •         •                   •            •     •            •          •   •    Level 1 
          
      •         •     •            •      •           •      •     •    •           •     •   •  Level 0 
        (no grouping) 
  Figure 13 : Derivation of a hierarchical tree part 1 
 
 
A hierarchical tree shall be derived from the matrix of relations. 
 
Level 0 : 
 General approach ; 
 
 The sum of numbers in the cells of the matrix corresponds to the number of 
points that will be represented in a sequence of points. 
 
In the example : 
 
 The sum of numbers in the cells of the matrix (Fig.13) is 12. 
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 This sequence of points is the level 0 because there is still no grouping 
existing. 
Level 1 : 
 
 The grouping of the points on level 0 is determined by their summaries in the 
individual cells of the matrix.  These summaries are reflected by nodal points on the 
first level.  For this reason we start with the cell that lies in the first row and in the 
first column of the matrix.  The number recorded there determines  how many points  
on level 0, starting from left, will be allocated to the first nodal point on level 1.  
Following the same principle, the cell in the second column of the first row will be 
taken next.  Following the same principle, the cell in the second column of the first 
row will be taken next etc.  After the last cell of the first row the first row the first left 
cell of the second row will follow.  In conformity with this principle all the cells of 
the matrix will be used for allocating the points of level 0 to the nodal points of level 
1.  
 
 As soon as one cell is empty, no points are summarized  on level 0 and in 
consequence, there is no nodal point on level 1.  In conclusion, the number of nodal 
points on level 1 is commensurate with the number of occupied cells in the matrix. 
 
In the example : 
 
 The cell in the first row and in the first column of the matrix in fit 13 is empty.  
There fore, there will be no summary of points on level 0.  The cell in row w and in 
column2 follows.  In this cell is a 2 recorded.  Therefore, from the left, the first two 
points of the level are summarized and allocated to the first nodal point  from the left 
on level 1.  The next occupied cell on the first row is the cell in the fourth column.  
There a 2 is recorded.  Thus the following 2 points of level 0 are summarizedand 
allocated to the second point on level 1 etc. 
Level 2 : 
General approach : 
 
 The grouping of the points of level 1 is determined by summaries of the 
pertaining cells in the rows of the matrix.  These summaries are reflected by nodal 
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points on the second level.  The nodal points on level 2 arise according to the same 
principle as the nodal points on level 1.  The number of nodal points on level 2 
corresponds to the number of occupied rows in the matrix.  In the example, e.f. Fig.14 
: 
ij A B C D E F 
A  2  2   
B 2      
C     1 1 
D 2      
E   1    
F   1    
 
 
 
 
 
 
 
 
Fig. 14 : Derivation of a hierarchical tree, Part II 
 
 
 In row 1 there are two occupied cells which are reflected by the first nodal 
points from left on level 1.  These two nodal points are allocated to a nodal point on 
level 2.  In row 2 there is only one occupied cell that is reflected by the third nodal 
point on level 1.  This solitary nodal point on level 1 is therefore exclusively allocated 
to a nodal point on level 2.  An empty row is in  the same way treated as an empty 
cell, etc. 
 
Level 3 : 
General approach : 
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 The grouping of pints on level 2 is determined by the summary of the 
pertaining rows of the matrix.  This summary is reflected by the nodal pints on the 
third level. 
In the example, Fig 15 : 
 
Since the group under study has no subgroups, all rows are summarized.  A nodal 
points obtained on level 3, which concludes the derivation of the hierarchical tree. 
 
 
 
 
 
 
COMPLEX STRUCTURE MEASURE FOR SOCIAL GROUPS 
 
ij A B C D E F 
A  2  2   
B 2      
C     1 1 
D 2      
E   1    
F   1    
 
 
 
 
 
 
 
 
 
Fig.15 : Derivation of a hierarchical tree , Part III 
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 The hierarchical tree for a group without subgroups has, as shown in the 
example, a=3 hierarichal levels plus level 0.  But it is also possible to derive a 
hierarchical tree by using the same principle for relations in groups with subgroups 
which are also subdivided into subgroups, etc.  Once again, these subgroups of 
subgroups can be subdivided into subgroups etc.  The number a of levels (without 
level 0) of the hierarchical tree is determined by the fact how often this process has 
been repeatedly carried out to subdivide subgroups into subgroups. 
 
 
 
 
 
A COMPLEX STRUCURE MEASURE FOR GROUPS - GENERAL 
REPRESENTATION  
 
Given a hierarchical tree 
Designation of the nodal points γ  e.f Fig.16 a y b b by− , , ,..... ,1 2
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 16 : Designation of the nodal points 
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Assuming : 
Lowest level - level 0 
Upper level = level a 
Thus, a = number of hierarchical level-1 
γa designation of the nodal point on level a 
γa-1:b2 - nodal point on level a-1. b1 is the numbering of the nodal points on level a-1 
 
ef. Fig 16 
Assuming the following conditions 
0 ≤ y ≤ a-1 
by(by=1,2,3….d) 
d=number of nodal points γ  is the nodal point on the level a-y which is 
allocated to the nodal point with the number b
a y b b by− , , ,..... ,1 2
1 on the level a-1 as well  as the nodal 
point with the number b2 on level a-2 and the nodal point with the number b3 on level 
a-3, etc.  You shall compare it with Fig. 16. 
 
The general formulae of the complex structure measure for application on a 
hierarchical tree with an arbitrary number of levels are shown in Fig.17. 
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Fig. 17 General formulas of the complex stricture measure 
 
 
Fig 18 gives a description of the characteristic features of the measures in a general 
form which  were explained already by referring to an example with  concrete 
contents, ef. The example of coauthorships, Fig.8-12. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 18 Description of the characteristic  features of the measures in a general form  
 
The description of the algorithm on the use of the general formulae for a given 
hierarchical tree is accompanied by an example.  However,  we proceeded from the 
hierarchical tree shown in Fig. 13. 
 
1.  Start with the left nodal point on level 1. 
 -  Apply the formula for Sa with a=1 
 -  Apply the thus determined formula for Ba with a=1 
2.  Continue with the other nodal points on level 1 
    
     Processes 1 and 3 ef. Fig.19 
  Valid in relation to every hierarchical tree: 
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Fig.19 Algorithm, Part I 
3.  Start with the left nodal point of level 2 
 -  Apply the formula for Sa with a=2 
 -  Apply the thus determined formula for Ba with a=2 
 -  Apply the formula for Ba-y with a=2 y=1 
       Processes 3, ef. Fig.20 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.10 Algorithm , Part II 
 
4.  Continue with all  the other nodal points on level 2 
5.  Start with the left nodal point on level 3 
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 -  Apply the formula for Sa with a=3 
 -  Apply the thus-resulting formula for Ba with a=3 
 -  Apply the formula for Ba-y with a=3 and y=1 as well as with a=3 and y=2 
 
       Processes 5, ef. Fig.21   
 
 S3 = (B1hB2hB3)1/3   S2.1=2.83 
 B3 = 2H(s2:b1)    S2..2=1.41 
      S2.3=2 
      S2.4=1.41 
      S2.5=1 
      S2.6=1 
       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.21: Algorithm, Part III 
 
6.  Continue with all the other nodal points on level 3 
  
… 
… 
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… 
 
 
 
a.  Start with the nodal point on level a 
 -  Apply the formula for Sa with a=a 
 -  Apply the thus-resulting formula for Ba with a=a 
 -  Apply the formula for Ba-y with a=a and y=1 as well as with a=a and y=2 
  and so forth up to a=a and y=a-1. 
 
Up to this point the structure measure was explained in its absolute form.  
However, it depends on the nature of the empirical study whether the measure is 
needed in its relative or in its absolute form.  If for instance research groups of 
different size are subject so studies it might be necessary to relate the number of co-
authors of a scientist to the biggest possible number of co-authors. 
 
 In determining the relative structure measure it is required to relate the 
individual structural components B, to their respective maxima.  There is an example 
in Fig.22. 
 
 The complex stricture measure for groups is applicable to arbitrary 
elements and arbitrary relations.  It is not necessarily required that it should be applied 
to men.  For example systems of melecules could also be studied. 
 
 It appears to be important to note that in using the complex structure 
measure the idea is not to determine only one single value for the totality of relations 
(i.e. S2) and to apply it to empirical studies, but the great variety of individual 
structural  components enable a systematic analysis to study to most diversified 
Independent relations and their correlation’s with their additional group specifics or 
the performance of the group.  The individual structural components can be integrated 
with empirical studies as variables either individually or in any arbitrary combination.  
Several results of studies have already been available. 
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The complex stricture measure for group is built up in a way that the amount 
of structure will be calculated on each hierarchical level according to the same 
principle.  Here the results of calculations on a definite level serve as a starting point 
for calculating the results on the next higher level and, once again, these results turn 
out to be the  starting point for the results on the next higher-lying level and so forth. 
 
 
 
ij X1 X2 X3 X4 X5 B1 1 B21 S21 
X1  0.2 0.2 0.2  0.15 0.75 0.335 
X2 0.1  0.1 0.1  0.075 0.75 0.24 
X3    0.3 0.3 0.15 0.5 0.274 
X4  0.3 0.2  0.1 0.15 0.69 0.322 
X5 0.1 0.5    0.15 0.39 0.242 
    B1  B2     B1 
  S3 = 0.44 =  =      = 
    0.135  0.62     0.99 
 
  
S3 = (B1 • B2  • ….. • B3)1/2   S0 : ijk = Const. 
  max/)1.1(2 2 aa
BbSHB −=
max
1 2 ....,2,1:
ya
b b by bybbya
ya B
B
B
−
−
−
∑ ∑ ∑=   
 
 S1 : ijk  .. X1  B1 : ij = 2 H(S0 : ijk / B1 : ij max 
     S2 : i  Σ=(Bij • B2i) 1/3     B2 j  =  2 H(S1:ij) /B2: i  max 
 
S0.b1.b2.ba = Const.      B1: j  = Σj B1 : ij /B1: i  max 
 0 ≤ y ≤ a-1  a ≥ 1  S3 = (B1 • B2 • B3)1/3 
hb1 = Sa-1: b1 /      B∑ −
1
1:1
b
baS 3 = 2
H(S 2 ; i) / B3 max 
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∑ •−=
1
121 lg
b
bb hhH      max:2:22 / iii BBB ∑=  
       max:1:11 / jji BBB ∑=
 
  Figure 22 : Relative complex structure measure 
 
 If the amount of stricture for hierarchical trees are comparted wth each other – 
they have been built up on the same principle and are only different from each other 
by the number of hierarchical levels – the amount of the complex stricture measure of 
a hierarchical tree with am+1 = m+1 levels should become, by the same rule, always 
higher than the amount of the complex stricture measure with am = m levels.  In the 
example, Fig.23 is valid : 
 
  
mm aa
SS 2/12
1
=+
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 23 : Herarichal tree  and structure  measure example. 
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 Fig. 24 Hierarichical tree and structure measure, example 2 
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